the sample treated at 400 o C and the energy dispersive elemental maps revealed the absence of chlorine along the grain boundaries of CdZnTe and residual CdTe. The presence of chlorine in CdTe devices plays a vital role in drastically improving the device performance which was not observed in CdZnTe samples treated with CdCl 2 . The loss of zinc from the surface and incomplete recrystallization of the grains together with the presence of high densities of stacking faults were observed. The surface images using scanning electron microscopy showed that the morphology of the grains changed from small spherical shape to large grains formed due to the fusion of small grains with distinct grain boundaries visible at the higher CdCl 2 treatment temperatures. The absence of chlorine along the grain boundaries, incomplete recrystallization and distinct grain boundaries is understood to cause the poor performance of the fabricated devices.
I. INTRODUCTION
To utilize the photons from sun's spectrum efficiently, minimize thermalization losses, and increase efficiency, a multijunction solar cell is a promising alternative to a single junction solar cell. Numerical simulations based on the daily energy densities indicate that the optimum band gap for the top cell absorber should be around ~1.72 eV in a two junction solar cell 1 . CdZnTe alloy has the zinc blende structure which is the same as that of CdTe 2, 3 and is a potential candidate for the top cell absorber in a multijunction solar cell. Based on the zinc composition, the band gap of the alloy can be varied from 1.48 eV to 2.26 eV 4 . Using interpolation, a band gap of 1.72 eV can be obtained by using 40% zinc telluride composition in the CdZnTe alloy 5 .
Deposition methods such as Metal Organic Chemical Vapor Deposition (MOCVD) 5, 6 , Vapor Transport treatment from the deposited CdZnTe films has been extensively reported 4, 6, 8 . However, the devices fabricated after CdCl 2 treatment, exhibited low photo generated current and very low fill factor. This leads to a low device performance irrespective of the deposition method used. If the CdCl 2 treatment is carried out at higher temperatures (in excess of 400 o C) 7, 10 , an improvement in the device performance is observed. The improvement is associated with almost complete loss of zinc which reduces the band gap of the CdZnTe material to that of the lower band gap CdTe material. However, this improvement is disadvantageous since a higher band gap material is required for the fabrication of the top cell.
The cadmium chloride activation treatment of CdTe films is a critical step in improving the device performance of CdTe absorber based solar cells. The CdCl 2 treatment of thin film CdTe has been broadly studied and frequently reported in the literature [11] [12] [13] [14] [15] [16] . During the CdCl 2 treatment, chlorine is introduced into the CdTe using various techniques such as a vapor treatment 17 or by the application of CdCl 2 solution and then annealing at approximately 400 o C 15 . The improvement in the device performance is caused by the presence of chlorine along the grain boundaries of CdTe 11, 12 and is attributed to recrystallization [13] [14] [15] , grain growth, removal of stacking faults 17 and doping of grain boundaries n-type within the p-type CdTe absorber 11 . For CdZnTe devices, there is a lack of reports on understanding regarding the incorporation of chlorine in the bulk of the CdZnTe and in the residual CdTe, microstructural changes in the material, the status of stacking faults and recrystallization after the CdCl 2 treatment. In this work, the CdCl 2 treatment was performed on Cd 0.6 Zn 0. 4 Te films deposited by RF sputtering on CdS.
Optical, material, and electrical characterizations were conducted to understand the changes caused to the CdZnTe film microstructure, the presence and distribution of chlorine together with the effect on the existence of stacking faults and other recrystallization processes caused by the CdCl 2 treatment. . The samples were then cooled to room temperature and after breaking the vacuum, the cadmium zinc telluride (CdZnTe) sputterdeposition was carried out in a separate chamber.
II. EXPERIMENTAL DETAILS
Prior to the RF sputter-deposition, the chamber was pumped down to a base pressure of 10 -5 Torr. To minimize residual oxygen, the chamber was purged several times with Ar gas. The samples coated with CdS were baked for 15 minutes once the heaters reached the process temperature. The CdZnTe films were deposited using a single target with a composition of CdTe (60 wt%) and ZnTe (40 wt%) fabricated by Plasmaterials Inc. The CdZnTe target was plasma cleaned for 3 minutes with the shutter closed to prevent deposition. The deposition details of the RF sputtering process for CdZnTe are provided in table 1. Transmission was measured from 350 to 1000 nm was using Ocean Optics Inc.
hardware coupled with LabVIEW software. The Bruker AXS D8 system was used to conduct X ray diffraction measurements. The wavelength of Cu K α1 radiation was 1.54046 Å and the diffracted signal was collected on scintillating counter. Surface images were obtained at 15 KV using a JEOL JSM 6500F scanning electron microscope. Sample cross sections for transmission electron microscopy (TEM) were prepared using a focused ion beam (FIB) with a dual beam FEI Nova 600 Nanolab. A JEOL 2000FX transmission electron microscope was used to obtain the TEM images.
III. RESULTS AND DISCUSSION

A. Transmission Measurements
Light passing through the fluorine doped tin oxide film was used as a 100% baseline. Transmission was measured at the same location on all three samples and is shown in figure 2. 
B. X Ray Diffraction
To understand the compositional changes in the CdZnTe films after the CdCl 2 treatment, XRD was conducted by using a Bragg-Brentano configuration. The angle was 
C. Transmission Electron Microscopy
To locate the zinc loss from CdZnTe and to identify microstructural changes, a cross sectional specimen of CdZnTe treated with CdCl 2 at 400 o C was prepared using the focused ion beam specimen technique using a standard in-situ lift out method. The cross section was examined using TEM (figure 4) and Energy Dispersive X-ray (EDX) elemental mapping was carried out (figure 5) on the same cross section. . At the treatment temperatures, ZnCl 2 has a higher vapor pressure than CdCl 2 and CdTe which causes zinc and chlorine to evaporate from the CdZnTe layer. At the junction of CdS/CdZnTe, zinc diffusion into the CdS can also be observed. This would probably lead to the formation of Cd (1-x) Zn x S or ZnS compound in very small concentrations at the junction. Due to the low concentration, no diffracted peak signal corresponding to the Cd (1-x) Zn x S or ZnS compound was detected in the XRD measurements. The critical observation was that the chlorine signal was below the detection limit of EDX in the zinc depleted region, along the grain boundaries of CdZnTe and at the junction of CdS/CdZnTe. In typical CdTe devices, optimal CdCl 2 treatment results in the decoration of grain boundaries with CdCl 2 that is clearly observed in the . In the zinc depleted region of the sample, the residual compound is CdTe and there is no strong signal from chlorine. This indicates that the CdTe which has been formed after the CdCl 2 treatment is subsequently recrystallized but there is absence of chlorine at the grain boundaries. It has been shown that stacking faults are present, if there is no chlorine present at the grain boundaries 17 . The absence of a discernible chlorine signal along the grain boundaries of the CdZnTe and at the junction of CdS/CdZnTe suggests that the material present in these regions is unchanged from the asdeposited and is highly defective.
D. Scanning Electron Microscopy
SEM images from the surface of the samples are shown in figure 6. 
E. Photovoltaic Performance
The current voltage measurements were carried out on all the devices under AM 
IV. SUMMARY AND CONCLUSIONS
The effect of the CdCl 2 treatment was studied on the stack comprising of 
